X -ray, lum inescene, am inobenzoic acids L ight emission induced by x-irradiation of deaerated aqueous solutions of anthranilic acid (AH) is predom inantly due to chemiluminescence. W ithin th e range of p H 3.5 to pH 12 only emission of th e anion (A-) is observed, in co n trast to th e fluorescence which ex hibits a characteristic spectral change under th e protolytic equilibrium A -+ H+ ^ A H (pK = 4.805). The chem ilum inescence is proposed to involve reaction of eaf, w ith th e anthranilo radical 0 (N H 2)+COO~, form ed by OH a tta c k upon A -or AH. D eprotonation of 0 (N H 2)+COO" occurs a t p H > 7. A bsolute yields of th e x-ray induced emissions and absolute fluorescence q u an tu m yields have been determ ined for th e am inobenzoic acid isomers and for some related com pounds.
Introduction
Aqueous solutions of various fluorescing com pounds have been found to exhibit chem ilum ine scence upon irrad iatio n w ith ionizing radiation. In systems hith erto studied in detail, such as xanthene and acridine dyes1-5 an d also T1+6-7, the radiation induced chemiluminescence could be explained by a general process involving oxidation of the solute (D) by OH radicals and subsequent neutralization of th e oxidized p roduct by h y d rated electrons (e"q) to th e fluorescent s ta t e :
D -f--OH -» Dox (D O H and/or D +)
(1)
The yield of such chem iluminescence an d its tim e depencence (on pulse irradiation) is governed by the competing reaction (3) and by recom bination reactions of the particip atin g radicals. A te st for th e occurrence of rad iatio n induced chemiluminescences of th e above ty p e is possible either by analysis of th e em ission kinetics after single pulse irrad iatio n 1-2' 8 or by studying the interception of such emissions by e~q-scavengers R equests for reprints should be sent to D r. W. A. , where ke and &0H are decay rates in pure w ater for e~C ( and OH, respectively, and th e reaction (2) q uantum efficiency. Values for r]2 have been estim ated recently and appear to be of th e order of a few per cent for various dyes9. T otal yields of about 10-3 quanta per 100 eV were found in the pulse radiolysis of 10~6 M dye solutions2'9. The chemiluminescence yield was, however, found to exceed the yield of prom pt emission due to electron im pact excitation under x-irradiation, e.g. for acrifiavin3 and fluorescein5 a t 2 • 10-4 m dye, in spite of the unfavourable relation in th e rate con stants, kz > jfcl52 for both dyes. Since k3 is large for m ost fluorescing, i.e. arom atic, com pounds the chem ilum inescence, according to E qn (5), is in general a low -concentration phenomenon.
In th e presence of e~q-scavengers (S) and OHseavengers (L) th e E qns (4) and (5) require sub-S + eaq products (6 ) L + OH products
stitu tio n of A0 and B0 b y A = A0 -f k6 [S] and B = B0 + ä;7[L], respectively, which leads to the following dependencies5 of th e to ta l chemilumines cent emission on e~-scavenger concentration
and on OH-scavenger concentration
Such rem arkable differences in th e effect of e.,n-»iq and OH -scavengers have been verified recently in steady x-irradiation experim ents on aqueous fluores cein solutions5. I t should be pointed out, however, th a t th e E qns (8 ) an d (9) only apply if th e products of reaction (6 ) and (7) do n o t interfere w ith the chem ilum inescent process. In fact low concen tra tio n s of halides and related compounds (X-) were found to strongly enhance the radiation induced emission from aqueous dye solutions1-2-3>8, w hich has been explained8 by efficient chem ilu m inescent processes involving fast dye oxidation (sim ilar to reaction (1)) by th e oxidized halide interm ediates X-and XÖ and subsequent exci ta tio n as in reaction (2 ). B oth O H -adducts, D O H , and semioxidized products, D + , are likely to be form ed in reaction (1) of fluorescein dyes10-11 and aeriflavin8. The chem ilum inescent reaction (2), according to G r o s sw e i n e r and R o d d e 4, however, appears to involve I)-OH only in th e case of fluorescein and eosin. For T1+, on the other hand, only T1++, and not the in te r m ediate Tl+OH, contributes tow ards such em is sions6-7. I t is interesting also to note th a t e.g. salicylate does n o t exhibit such chemiluminescence12 in spite of th e relatively high fluorescence quantum yield and its high reactiv ity tow ards the w ater radiolysis p ro d u cts13. As yet it appears impossible to relate th e chemiluminescence via reaction (2 ) to chemical structure.
According to G r o s s w e i n e r et al. ^<14 th e hydrated electron also engages in a chem ilum inescent process w ith trip let states (of fluorescein and eosin) if produced photochem ically prior to electron pulse irradiation. T riplet states of dyes m ay also be formed in th e radiolysis by electron im pact or via reaction (2) and also by intersystem crossing in 4D*, however, since th e yield of excited states in the radiolysis of dilute aqueous solutions is very much lower th a n th e yield of oxidized products, such chemiluminescence appears not to be relevant in the experim ents described below.
The present paper extends our investigations on radiation induced chemiluminescences to aqueous solutions of am inobenzoic acids and related com pounds.
Experimental Section
The ap p aratu s used for th e x-ray and light induced lum inescence investigations has been de scribed elsw here5. The fluorescence m easurem ents were also p a rtly perform ed on a Zeiss spectrofluorom eter (ZFM 4 + M4 Q III + L X 501).
A nthranilic acid was obtained from Merck (D arm stadt) an d gave a m olar extinction coefficient a t pH 7 of e (310) = 2.9 • 104 m -1 cm-1. 3-Aminobenzoic acid, obtained from Schuchard (Munich), gave £ (300) = 1.7 • 104 m_1 cm -1 a t pH 7. B oth com pounds and also all other chemicals used in this study were of A. R. grade and applied w ithout additional purification. Solutions were m ade up in redistilled w ater. Since 0 2 reacts efficiently w ith eäq the solutions were deaerated by bubbling w ith specially purified X 2 (Messer Griesheim GmbH) for a t least one hour. The pH was adjusted by adding K O H or HC1 since th e application of phosphate buffers was found to in tercep t the x-ray induced emission from anthranilic acid.
Background emissions detected upon x-irracliation of the w ater-filled cell alone (5% to 10% of to ta l emission a t th e highest intensities in Fig. 1 ) have been su b tracted in all results given below. The effective x-ray energy was varied from 8 to 25 keVCff as stated in th e figure legends. The hom ogeneity of the radiation, due to th e occurence of L E T effects, was adjusted by Al-filters to HVL(A1)1/HVL(A1)2 « 0 .8 in each case. The exposure dose rates were of th e order of 60 R/sec.
Results and Discussion

a. Anthranilic acid (AH)
The acid base properties of AH in aqueous solution (10) are characterized by p K x = 2.087 and p K 2 = 4.80515.
The anion dom inating betw een pH 6 and p H 13, absorbs w ith a m axim um at 310 nm. The n eu tral form (AH) prevails only around pH 3.5 and absorbs w ith a m axim um a t 325 nm. The fluorescence excited a t th e isobestic poin t a t 328 nm shows a decrease (see Fig. 1 ) an d a spectral shift (see Fig. 2 ) in going from p H 6 to p H 3.5 which corresponds w ith th e changes in th e a b sorption. F rom th e 0 -0 tran sitio n energies of Aand AH we can estim ate, by F ö r s t e r cycle calcu lations16, an excited sta te p K -value of pKo « 2 .7 . Since, however, only the spectrum of AH is seen a t pH 3.5 th e deexcitation of (AH)* obviously takes place before th e excited sta te equilibrium is e sta b lished. The fluorescence decrease a t p H > 12 is probably due to d eprotonation of A-in the excited state since no corresponding change in th e a b sorption was found in th is pH range. I t should be m entioned th a t th e p H dependence of th e fluores cence earlier obtained by K a v a n a g h et al. 17 is incom patible w ith our results, wich m ight be due to a more appropriate choice of th e excitation wavelength in our experim ents.
The x-ray induced luminescence, in co n trast to the fluorescence, shows a continuous decrease with pH a t pH > 7 (see Fig. 1 ). A nother fundam ental difference is seen a t pH 3.5, where th e x-ray induced A(nm) Fig. 2 . A bsorption spectra (continuous curves) of aqueous solutions of anthranilic acid: a) in th e anionic form (A-) a t p H 6 to pH 13, b) in th e n eu tral form (AH) a t p H 3.5 and uncorrected luminescence spectra (dotted curves) of deaerated aqueous solutions of 5 • 10~4 M anthranilic acid: a') for optical excitation and x-irradiation a t pH 6 to p H 12, b') for optical ex citatio n a t p H 3.5, b") under x-irradiation a t p H 3.5. The luminescence spectra were recorded w ith dA = 20 nm and have been norm alized to th e m axim um intensity a t p H 6. The fluorescence was excited a t th e isobestic point, A = 328 nm . F o r x-irrad iatio n a t p H 3.5 th e luminescence spectrum is consistent w ith 30% AH-emission (direct excitation) and 70% A~-emission (chemiluminescence), as expected from curve (I) in Fig. 3 .
luminescence retains the spectrum of A-(see Fig. 2 ) and not th a t of AH as under optical exci tation. The decrease of th e emission in ten sity in going from pH 6 to pH 3.5 is, however, sim ilar to th a t observed in the fluorescence (see Fig. 1 ).
The effects of various radical scavengers upon the radiolytically induced luminescence are collected in Fig. 3 . Slight fluorescence quenching, which occured only for some of these solutes a t th e highest concentrations applied, has been allowed for in the x-ray results. The interception of the x-ray induced luminescence by the e~q-scavengers NO 3, acrylamide and Cd++ and by the OH-scavengers ethanol and m ethanol resembles th e results earlier ob tained on various dye solutions3-5 and evidently dem onstrates th a t both e~q and -OH contribute tow ards excitation of anthranilic acid. The p er sistent emission, I d, a t high scavenger concen tra tio n s m ay be in terp reted as previously3-5 by electron im pact excitation and possibly also fluorescence induced by erroneous light from the irrad iated cell an d w ater. The interception of the pure chemiluminescence, 7C = I-Ia, by e "q-scavengers and OH-scavengers is in accord w ith the E q n s (8) an d (9) , respectively, as shown in Fig. 4 a an d 4 b. This result adm its th e in terp retatio n of the observed chemiluminescence in term s of the I t should be noted here th a t deviations from linearity in Fig. 4 a and 4 b would become ap p arent a t higher scavenger concentrations, which reveals th a t pseudo first-order tre a tm e n t and neglect of diffusion term s is inadequate when the com petition reactions are carried into th e inner region of the photoelectron tracks. From th e m ean L E T (« 0.4 eV/A for 8. 8 keV electrons), th e radical half-life under th e present conditions (£i/2(eäq) ~ In2/&3[D] = 6. 6 • IO-7 sec, using k3 given in the legend to Fig. 5) and th e diffusion coefficient (D(e~q) = 4.75 • 10-5 cm 2sec_1) 20 we can estim ate a radical concentration of < 3 • 10~5 m after th e tim e t j 2, which suggests th a t the pseudo first-order tre atm e n t is a fairly good approxim ation a t least for th e second half of the reactions occuring. Table I . Good agreem ent is found w ith literature d a ta for k6 and k7, also given in Table I , except for Cd++. Table I . R elativ e ra te con stan ts for th e reaction of various solutes w ith -OH or eäq a t p H 6.5, obtained from th e slopes of The app aren t low effectivity of m ethanol a t pH 3 .5 (see Fig. 3 ) can be explained qualitatively from E qn (9) by an increase of the e~q decay rate A0 in acid solution by th e fast reaction (11):
e aq + H + -> H ( £ n = 2. 36 • 1010 M-1se c _1)13 (11) I t m ight have been expected, on th e other hand, th a t k1, and hence B0, is decreased for anthranilic acid when going from p H 6 to pH 3.5, since am ines generally show a decrease of th e OH reactiv ity under protonation of th e am inogroup21-22. The in crease of A0, however, obviously over com pensates the decrease of B0 in acid solutions.
Cd++ appears to be m ore efficient in interfering w ith the chemiluminescent process th a n expected according to the literatu re value of &6(eaq + Cd++). Gamma radiolysis experim ents, discussed in detail in a subsequent p a p e r23, showed th a t Cd++ also strongly inhibits th e form ation of O H -products of anthranilic acid. Thus, th e interference of Cd++ w ith the chemiluminescence appears to involve both e~q-scavenging and inhibition of O H -product fo r m ation. I t is, however, unlikely th a t &(OH -fC d ++) is of the same order as k(e~q + Cd++), and also th e gam m a radiolysis experim ents were n o t consistent w ith OH-scavening by Cd++. The effect of Cd++ might be due to form ation of (soluable) coordination complexes between Cd++ and an th ran ilic acid24 and protection of th e complexed am ino-group against O H -attack. Such an in te rp re ta tio n actually suggests th a t the precursors of th e chem ilum ines cent reaction are form ed m ainly by O H -attack on the amino-group. O H -attack upon the am ino-group was also found to be th e m ain route in th e radiolytic oxidation of aniline21. I t is suggested th a t there is no significant difference between anthranilic acid an d aniline as regards the form ation of O H -products since the carboxyl-group has no effect on th e reactiv ity of 21 identified the O H -product of aniline as th e anilino radical, 0 (N H 2)+, and found th a t it is formed in 80% by O H -attack upon th e am ino-group and subsequent loss of H 20 or OH~ and in 20% more slowly after addition of -OH to th e arom atic ring. The anilino radical 0 (N H 2)+, w ith a p K of 7.021-25, is in equilibrium w ith the neutral form 0(N H ). Gam m a radiolysis experim ents, described in a subsequent p a p e r23, also revealed analogy between aniline and anthranilic acid in th a t -OH reacted to form hydrazobenzene compounds as the m ain final products in both systems. These results appear to rule out 3-hydroxy and 5-hydroxy aminobenzoic acid as th e m ain final products, as proposed by N a r k e d et al. 26 .
W ith th e aid of the suggested analogy between anthranilic acid and aniline we propose th a t OH reacts w ith A H and A-to form 0 (N H 2)+COO~, A-, and th a t th e chemiluminescence proceeds via the reaction (12) . Since the excitation of (A ) 0 (N H 2)+COO-+ e 'q -> (0(N H 2)COO-)* (12) am ino-substituted arom atic compounds involves intram olecular charge-transfer transitions to "rad i cal-like" states (classified by K a s h a 27 as 1-a^ transitions) an excitation via reaction (12) appears to be possible directly by electron capture into an antibonding jr-orbital of the anthranilo radical A \ The neu tral radical A-, as th e neutral form of AH itself, is probably not p rotonated to the cationic form a t p H 3.5 (pK x(AH) = 2.087) 15 . Thus, for m ation of (A-)* via reaction (12) would be expected also a t pH 3.5 in accord w ith the experim ental results (Fig. 2) . The decrease of the radiolytically induced emission a t pH > 7 ( Fig. 1 ) could be ex plained by th e protolytic equilibrium (13) which, 0 (N H 2)+COO-^ 0(N H )CO O -+ H+ (13) in analogy to th e anilino radical, m ight be expected around p H 7. We did, howrever, not a tte m p t to elaborate an equilibrium curve, viewed in emission, above p H 7 since reaction (12) m ight yield (A-)* before establishm ent of (13). A pK of ab o u t 8 could, however, be im agined for the equilibrium (13) from Fig. 1 . The protolytic equilibrium of the OH radical, w ith pK = 11.928-5 is probably the reason for th e fu rth er decrease of the emission intensity above pH 10. The possible chem ilum inescent reaction of e~q w ith th e interm ediate hydroxycyclohexadienyl anthranilo radical, resulting from O H -attack upon th e arom atic ring, would require additional assum p tions in order to explain the luminescence spectrum a t pH 3.5 an d the decrease of the luminescence for p H > 7.
W . A. P R Ü T Z • L U M IN E SC E N C E OF A M INO BEN ZO IC ACIDS
Below p H 6 a decrease of the chemiluniinescence (12) with pH is expected due to p rotonation of the am ino-group an d the resulting deactivation of the OH re a c tiv ity 21-22. The decrease of the luminescence inten sity (see Fig. 1 ) therefore roughly follows the protolytic equilibrium (10; 2). In addition th e chemiluniinescence is intercepted in acid solution via reaction (11). B oth processes, however, occur in the same p H range, thus, it is difficult to descern the two effects in Fig. 1 (note also th a t direct excitation (la) is n o t elim inated in Fig. 1 ).
I t m ight be suggested th a t H atom s, form ed in th e w ater radiolysis and additionally in acid solution via reaction (11), contribute tow ards th e chemiluminescence a t least a t pH 3.5. The interception of th e emission by m ethanol a t p H 3.5, where more th a n 50% of e"q are converted to H (since ^[ H + J > fc3[AH]), is, however, unlikely to involve Hscavenging, which, due to k(H.
MeOH) « 0.003 • &(OH -j-M eOH)13, would require more th a n 100 tim es higher m ethanol concentrations th a n neces sary for OH-scavenging a t p H 7 (see Fig. 3 ). Also NO 3 intercepted th e luminescence a t p H 3.5 to ab o u t th e same am ount and nearly as effective as a t pH 7, which is consistent w ith e~q-scavenging b u t not w ith H-scavenging due to th e com parably low value of k(K + NO 3) = 107 M_1sec_1 13. Hence wre conclude th a t H atom s are not involved to any significant degree in th e em ission-forming process.
The enhancem ent of th e x-ray induced lum ines cence by iodide (see Fig. 3 ) is a general effect of halides and pseudo halides which has been observed in several system s1-2-3> 8. The effect could be in te r preted as for acriflavin8 by th e rapid form ation of th e halide interm ediates I ■ and 70, via the reactions (14) and (15) 
A-, (AH) + K -> A-+ 27-(+ H + ) (17) in th e presence of iodide is possible if I-reacts faster w ith anthranilic acid th a n does -OH, and also if Iis more selective th a n -OH in the rapid form ation of 0 (X H 2)+COO~ by direct atta ck upon the aminogroup. In fact a ra te constant of k16> 2 • IO^m-1 sec-1 is required in order to explain th e decrease of th e iodide curve (Fig. 3) a t > 10-3 mI~ by the com petition for I ■ in th e reactions (16) and (15). R eactivities in th e suggested order, /• > OH^> I\2, have already been observed in the pulse radiolysis of aqueous acriflavin solutions8. The relative en hancem ent by iodide a t pH 3.5 was very similar to th e effect a t pH 7. W ilk 30 in an investigation on liquid scintillator properties observed th a t the scintillation yield from aqueous anthranilic acid was enhanced by a factor of 3.4 wlien 2 g/1 album in was added to the solution. The effect was te n ta tiv e ly explained by enhanced energy transfer in th e solution containing albumin. We studied the effect of 2 g/1 egg-albumin on th e x-ray induced luminescence from 5 • 10~4 M a n th ra nilic acid in deaerated solutions and observed only a reduction of th e emission in the presence of album in (by about 40% ) when th e experim ent was carried o ut in neu tral solutions. W ithout pH adjustm ents, on th e other hand, an increase of the emission was found on adding 2 g/1 albumin. How ever, the effect appeared to be due to changes in th e pH from p H « 4 in pure AH solutions to p H ä* 6 in AH -f-2 g/1 album in which, according to Fig. 1 , is accom panied by an increase of the emission b jT a factor of « 3 .
A bsolute yields of the light o u tp u t from x-irrad iated anthranilic acid w'ere determ ined by reference to th e x-ray induced emission from 10 g/1 salicylate in deaerated aqueous solution.The reference energy yield for th e salicylate system , according to Chizikov a 31, is given by L s = q -ly c , where cis the concentra tion by wreight (i. e. equal energy absorption per gram m e of solvent and solute were assumed), rj is the fluorescence q u antum yield a t this concentra tion and q = 0,03631 is the "excitation effectiveness" (num ber of excited singlet states times mean qu an tu m energy of th e em itted light per energy absorbed by th e salicylate molecules). Taking the m ean of literature d a ta 32-33 , 0t = 0 .3 0 , for the fluo rescence quantum yield and qt = 0 .6 2 31-33 for its reduction by concentration quenching at 10 g/1 salicylate we obtain ?; = 0.182 and hence Ls= 6 .7 1 0 -5 w hich corresponds to a reference yield of Gs = 2.2 TO"3 q u a n ta per 100 eV absorbed in th e solution. This value for Gs is also in accord w ith later yield determ inations by S t e i x and T o m k i e w i c z 12. Total luminescence yields, Crtot, from x -irradiated aqueous solutions of various com pounds a t 5 • 10-4 M , o b tained by com paring w ith th e reference solution th e integrated areas under th e (uncorrected) lum ines cence spectra, are collected in Table I I. These yields T able II. Yields, Gtot, of th e to ta l lum inescence from deaerated 5 • 10-4 m aqueous solutions (pH 6.5) of various arom atic com pounds under irradiation w ith 8.8 to 25 keVeff x-rays, Crtot is separated into chem iluminescent, Gc, and prom t, Gd, emission as described in th e te x t. The fluorescence yields 0f an d Amax of th e fluorescence spectra are also given. B oth G tot and 0f were determ ined b y reference to N a-salicylate (see te x t).
Solute Y ieldsa for x-irradiation
Gtot Gc
Gd were L E T independent in th e range 8. 8 to 25 keVeff w ithin the experim ental error of a b o u t 10%. The separation into chem ilum inescent emission (Gc) and prom pt emission (Gd) was a tta in e d as in Fig. 3 by adding 2 • 10-2 M of th e e~q-scavenger N O 3 and after appropriate correction for physical quenching of the excited state by NO3. The fluorescence q u antum yields 0t, also given in Table II , were determ ined by com paring w ith 5 • 10-4 M aqueous salicylate (0[ = 0.30)32> 33 the integrated areas under th e fluorescence spectra, which were recorded for narrow band w id th ex cita tion a t a w avelength were th e reference an d the tested solution had equal optical densities. The neglect of spectroscopic corrections in th e d eterm in a tions of Crtot and 0t is certainly of m inor significance (except for 4-AB an d aniline) due to th e good coincidence in th e spectra.
In Fig. 5 is shown th e concentration dependence of th e x-ray induced luminescence from aqueous anthranilic acid and its seperation into chem i lum inescent (Zc) and prom pt (/d) emission. The chemiluminescence is seen to be the predom inant emission even a t the highest concentrations applied. Fig. 5 also dem onstrates an L E T effect a t low concentrations which can be explained qualitatively by th e faster radical recom bination a t the higher LET. A t 5 • 10-4 m , wrhere the absolute yields (Table II) were determ ined, the radical recom bina tio n is obviously suppressed by the solute-radical reactions (note the above stated L E T independence of 6rtot a t 5 • 10-4 M and the radical decay rates estim ated in the legend to Fig. 5 ). E qn (5), as seen in Fig. 5 , gives a reasonable description of the observed concentration dependence of I c in spite of th e neglection of diffusion term s and second order reactions.
b. 3-Aminobenzoic acid (3-A B) and 4-aminobenzoic acid (4-AB)
The p H dependence and the effect of radical scavengers on the x-ray induced luminescence of 3-AB revealed substancial analogy to AH. An intrinsic difference was, however, found in the yield ötot w hich was much lower for 3-AB th a n for AH despite th e higher fluorescence q u an tu m yield of 3-AB. This low value of Gtot, as seen from Table II , is alm ost exclusively due to a reduction of Gc in going from AH to 3-AB. Since th e a tta c k of -OH upon th e arom atic ring is electrophilic in n a tu re 34 th e strong ortho-, para-directing activ ity of the N H 2-group favours an additional site for O H -attack upon th e arom atic ring of th e 3-AB molecule as com pared to th e AH molecule. This effect m ight strongly inhibit the direct O H -attack on th e am ino-group, i.e. th e rap id form ation of the proposed chemilum inescent precursor 0 (N H 2)+COO~. I t can not be excluded, however, th a t the com parably low chemiluminescence yield of 3-AB is due to an unfavourable relation in th e rate param eters (fcx and k3).
The enhancem ent of th e x-ray induced lum ines cence of 3-AB upon addition of iodide was m uch more pronounced th a n in th e case of AH. 5 • 10"4 m to 10-3 M iodide increased th e in ten sity by a factor of 3.0. F u rth e r addition of I~ again reduced the emission. Since preferred O H -attack upon th e a ro m atic ring could account for th e low chemiluminescence yield of 3-AB a prom inent iodide effect m ight be expected if, as discussed above, iodine atom s favour direct a tta c k upon th e N H ,-group. 4-AB gave no detectable emission upon x-irradia tio n due to th e very low fluorescence q uantum yield (see Table II ).
c. Related compounds
Aniline, which is representative of reacting w ith •OH to form th e proposed chem ilum inescent p re cursor of 0 (N H 2)+ type, is u n fo rtu n ately a too w eak fluorescer to give any detectable emission. Also benzoate and hydroxy-am inobenzoic acids exhibit too low fluorescence yields.
2-N aphthylam ine was the subject of previous investigations35-36. The pH dependence of th e x-ray induced 2-naphthylam ine luminescence, its in te r ception by radical scavengers and th e enhancem ent 1 W. P r ü t z , K. S o m m e r m e y e r , a n d E. J. L a n d , 2 W. P r ü t z and E. J. L a n d , Biophvs. 3, 349 [1967] . [1969]. 7 G. S t e f f e n and B. C e r c e k , Biophys. 6, 137 [1969],
(by a factor of 1. 8 ) by iodide are displayed in these papers. The ap p aren t evidence, now recognized, for th e involvem ent of th e above type chemiluminescence in th is system requires adequate corrections in th e previous in terp retatio n s35'36. A bsolute yields for th e 2 -naphthylam ine luminescence are given in Table II . I t is interesting to note th a t the lum ines cence of 2-naphthylam ine is pH independent35'36 in th e range pH 4 to pH 10 which suggests th a t p K (R (N H 2)+) > 10. A t pH 1 2-naphthylam ine still exhibits a strong luminescence, /(p H 1) = 0.5 • I (pH 7 ) 35.36 , indicating th a t also H atom s contribute tow ards chem ilum inescent emissions.
N eutral N a-salicylate gave only a very weak chemiluminescence (see Table II ) resembling the results of S t e i n and T o m k i e w i c z 12. Probably the corresponding phenoxy radical, 0(O)COO~, which m ight be expected to engage in the chemilumines cence, is only form ed to a m inor ex ten t upon OHattac k . The form ation of both phenoxy and hydroxycyclohexadienyl radicals in the reaction of OH w ith p-hydroxybenzoic acid has been reported recently37, b u t no corresponding d a ta are available as yet for salicylate. Table I I shows a rough correlation between G <x and 0i for th e various com pounds studied b u t no correlation between Gc and 0{. A more appropriate yield param eter th a n Gc to be com pared w ith 0i would be the (quanta per reaction (2 ))-yield, denoted )]2 in E q n (4). An au th en tic determ ination of >;2, however, w ould require accurate kinetic d ata (&1; for all routes of O H -attack, and k3) and homogeneous initial radical distributions, i. e. lowr L E T irradiation. Pulse radiolysis w ork is in progress w ith the aim of determ ining r/2 in various system s included a n th ra nilic acid.
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